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SPECIFICATION 

1. Title of the Invention: ELECTRODEPOSITION PROCESS OF 

CHROMIUM 

2 . Claims 

(1) An electrodepositing solution comprising trivalent 
chromium ions and a dissolved compound selected from the 
classes (I) to (V) defined in the specification, wherein the 
content of the compound is less than equimolar to the 
trivalent chromium . 

(2) An electrodepositing solution according to Claim 1, 
wherein the molar ratio of trivalent chromium to the 
compound is more than 1:0.1, and preferably more than 1:0.01. 

(3) An electrodepositing solution according to either 
Claim 1 or 2, wherein the trivalent chromium content is 0.01 
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to 1.0 mole. 

(4) An electrodepositing solution according to Claim 3, 
wherein the electrodepositing solution contains 1 to 500 
mg/1, and preferably 10 to 100 mg/1, of the compound. 

(5) An electrodepositing solution according to any one 
of Claims 1 to 4, wherein the compound is a sulfur- 
containing organic compound which is either a thiocyanate in 
salt or ester form or a compound represented by the 
following formula: 

X-C-NR 2 
il 
S 

(wherein X is (a) -R, -S, or -NR 2 or (b) a group represented 
by the formula 

-C-NR 
II 2 

s linked to the group of the first 

formula by -S- or -S-S-; the individual R groups may be the 
same or different and are selected from hydrogen, linear or 
branched alkyl, alkenyl, or alkynyl groups, and mononuclear 
or binuclear carbocyclic aromatic groups; and the R group 
may be substituted or unsubstituted by a carboxylic acid 
group or a salt or eister of carboxylic acid) . 

(6) An electrodepositing solution according to Claim 5, 
wherein the organic compound is sodium thiocyanate, thiourea, 
N-monoallyl thiourea, N-mono-p- tolyl thiourea, thioacetamide , 
tetramethylthiuram monosulfide, tetraethylthiuram disulfide. 
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or sodium diethyldithiocarbamate. 

(7) An electrodepositing solution according to any one 
of Claims 1 to 4, wherein the compound is a sulfur- 
containing organic compound represented by the formula 



(wherein X is (a) a mercapto group-terminated saturated or 
unsaturated fatty acid group of 2 to 3 carbon atoms, (b) the 
disulfide corresponding thereto represented by the formula 

(Y)-(S0 2 )-X-S-S-X-(S0 2 )-Y, 
or (c) a single unsubstituted benzene ring; and Y is -ONa, 
-OH, -NH 2 , or when X is a single unsubstituted benzene ring, 
an -NH- group directly linked to the ortho position of the 
benzene ring or an -NH-CO- group indirectly linked to the 
ortho position of the benzene ring). 

(8) An electrodepositing solution according to Claim 7, 
wherein the organic compound is sodium allyl sulfonate 
CH 2 =CHCH 2 S0 3 Na, sodium vinyl sulfonate CH 2 =CHS0 3 Na, 
mercaptopropane sulfonic acid HS-CH 2 CH 2 CH 2 S0 3 H, bis- (sodium 
sulf opropyl ) disulfide H0 3 S - CH 2 CH 2 CH 2 - S - S - CH 2 CH 2 CH 2 - S0 3 H , 
benzene sulfonamide C 6 H 5 S0 2 NH 2 , thiamazole 



(X)-S0 2 -(Y) 




or saccharin represented by the following formula. 




(9) An electrodepositing solution according to any one 
of Claims 1 to 4 , wherein the compound is an organic 
compound represented by the formula 

HOOC - ( CH 2 ) n - Sm- ( CH 2 ) n - COOH 
(wherein each of n and m is 1 or 2). 

(10) An electrodepositing solution according to Claim 9, 
wherein the organic compound is dithiodiglycollic acid or 
thiodiglycollic acid . 

(11) An electrodepositing solution according to any one 
of Claims 1 to 4, wherein the compound is selected from the 
group consisting of ortho-mercapto benzoic acid, ortho- 
mercapto phenol, and ortho-mercapto benzenesulf onic acid. 

(12) An electrodepositing solution according to any one 
of Claims 1 to 4 , wherein the compound is selected from the 
group consisting of sodium salts of metabisulf ite , 
dithionite, thioether, selenate, selenite, tellurate, and 
tellurite . 

(13) An electrodepositing solution according to any one 
of Claims 1 to 12, wherein the compound is organic and has a 
molecular weight of less than 300. 

(14) An electrodepositing solution according to any one 
of Claims 1 to 13 further comprising a buffering agent, a 
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conductivity salt at a concentration up to saturation, a 
wetting agent and/or an antifoaming agent, wherein the pH is 
1.5 to 4,5. 

(15) An electrodepositing solution according to any one 
of Claims 1 to 14, further comprising a reducing agent. 

(16) An electrodepositing solution according to Claim 
15, wherein the reducing agent is a sulfate, a bisulfite, 
formaldehyde, glyoxal, or a mixture of at least two thereof. 

(17) A chromium electroplating process comprising 
immersing a workpiece in an electrolytic solution according 
to any one of Claims 1 to 16 and passing electric current 
through the electrolytic solution from an anode to the 
workpiece as a cathode . 

(18) A process according to Claim 17, wherein the 
current density over the workpiece is in the range of 1 to 
100 A/0.1 m 2 , the temperature of the bath is in the range of 
10° C to 90° C, and the pH is maintained in the range of about 
2.5 to 4.0. 

(19) An article having at least one surface on which a 
chromium electrodeposit is produced by a process according 
to either Claim 17 or 18. 

3. Detailed Description of the Invention 

The present invention relates to the electrodeposition 
of chromium from aqueous electrolytes containing trivalent 
chromium ions. More particularly, the invention relates to 
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electrodeposition compositions and electrodeposition 
processes using the compositions. 

Conventionally, chromium has been electrodeposited from 
solutions containing hexavalent chromium and a small amount 
of sulfuric acid. However, hexavalent chromium has 
drawbacks in that it can present serious environment and 
health hazards and the solution itself is highly toxic and 
corrosive. In addition, hexavalent chromium has poor 
electrodeposition uniformity (i.e., throwing power), limited 
covering power, and low electrical efficiency. Moreover, 
hexavalent chromium is sensitive to current interruptions , 
resulting in so-called "white-washing" of the deposit. 

In order to overcome the drawbacks, at least in part, 
electrodepositing baths based on trivalent chromium complex 
salts have been used. Such electrodepositing baths have 
excellent throwing power and are tolerant to current 
interruption. However, the color of the plating obtainable 
is often darker than that obtained from hexavalent chromium 
baths. Consequently, the baths containing trivalent 
chromium complex salts have limited applications. 

On the other hand, in one prior proposal, 
electrodeposition is performed using a solution in which the 
Cr+++ i ons are complexed with thiocyanate, setting the CnNCS 
molar ratio at 1:1 to 1.6, and preferably at about 1.2, to 
optimize efficiency and color and minimize undesired gas 
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emission. Since the thiocyanate complex forms slowly, it 
was necessary to heat the chromium salt solution with the 
thiocyanate at 80° C for 2 to 4 hours at a certain pH to 
equilibrate it prior to use in electrodeposition . 

As a result of research by the present inventor, it has 
been discovered that very low concentrations of thiocyanate 
can be used without prior equilibration and also that by 
using other sulfur-containing compounds, preferably sulfur- 
containing organic compounds (which are not hitherto used in 
chromium electrodeposition), as additives at equivalently 
low levels, effective and acceptable electrodeposits can be 
obtained. In accordance with the present invention, the 
molar ratio of the compound to the thiocyanate complex is 
always lower than the molar ratio 1:1, and preferably one or 
more orders of magnitude lower. Consequently, in the 
present invention, a different mechanism appears be involved 
from the formation of the thiocyanate complex. Possibly, 
rapid and equilibrated formation of the complex, 
decomposition and reformation take place in the immediate 
vicinity of the depositing layer of metal, and the small 
amount of the compound has an effectively catalytic effect. 
Of course, the present invention is not limited to the 
bottom relating to such an effect. 

In the present invention, since the content of the 
sulfur-containing compound is lower than 1:1, it is not 
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possible to form a complex with all of the trivalent 
chromium present. It is possible although not necessary for 
another complexing agent of different type to be present. 
Uncomplexed trivalent chromium ions are green in color and 
are generally present in the present invention. 

Accordingly, the present invention provides an 
electrodepositing solution containing trivalent chromium 
ions together with a dissolved compound selected from the 
classes (I) to (V) described below, wherein the content of 
the compound is less than equimolar to the trivalent 
chromium ions . 

The relative molar concentration of the trivalent 
chromium to the compound is always higher than the ratio 1 : 1 
described with respect to the thiocyanate complex in the 
prior art , and is usually higher than 1:0.1. Many compounds 
are effective at considerably higher chromium ratio of 1:01 
or 1:0.001 or in some cases even more. 

In practice, the chromium ion concentration is in the 
range of 0.01 to 1.0 mole. Accordingly, the content of the 
compound is usually 1 to 500 mg/1, and particularly 10 to 
100 mg/1. 

Preferably, the compound is organic and sulfur- 
containing. 

The compounds in the individual classes will be 
described in detail below. 
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The class (I) compounds consist of those compounds 
having an 

-N-C- 
II 

group within the molecule, and preferably 
either a thiocyanate in salt or ester from, or a compound 
represented by the following formula: 

X-C-NR 2 
II 
S 

(wherein X is (a) -R, -S, or -NR 2 or (b) a group represented 
by the formula 

-C-NR 
II 2 

s linked to the group of the first 

formula by -S- or -S-S-; the individual R's may be the same 
or different and are selected from hydrogen, linear or 
branched alkyl , alkenyl , or alkynyl groups , and monocyclic 
(mononuclear) or binuclear carbocyclic aromatic groups; and 
R may be substituted or unsubstituted by a carboxylic acid 
group or a salt or ester thereof). The organic compounds 
should be water-soluble, and therefore, they are usually of 
relatively low molecular weight (e.g. , 300 or less) so that 
R is preferably hydrogen or an alkyl group of 6 or less 
carbon atoms, such as C ± to C 3 alkyl group. Examples of 
class (I) compounds suitable for use in the present 
invention include : 

(a) sodium thiocyanate Na + (NCS)~ 
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(Thiocyanic acid has two tautomers , i.e., 
N=C-SH ^ NH=C=S) 

( b ) thiourea 



NH 2 -C-NH 2 



S 

(c) N-monoallyl thiourea 



NH 2 -C-NHC 3 H 5 

II 
S 



(d) N-mono-p-tolyl thiourea 

NH 2 -C-NH-C 6 H 4 -CH 3 

II 
S 

(e) thioacet amide 



NH 2 -C-CH 3 

II 
S 

(Also represented by the following formula: 

NH-C-CH, 

II 

S ) 

(f ) tetraethylthiuram monosulfide 

(CH 3 ) 2 NC-S-C-N(CH 3 ) 2 
II II 

s s 

(g) tetramethylthiuram disulfide 



(C 2 H S ) 2 N-C-S-S-C-N(C 2 H S ) 2 
S S 
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(h) sodium diethyldithiocarbamate 

Na + (-S-C-N(C 2 H 5 ) 2 )" 

II 
S 

The organic compounds described above may be used alone 
or in combination. 

The class (II) compounds of the present invention 
consist of compounds represented by the formula 

(X)-S0 2 -(Y) 

(wherein X is (a) a mercapto group -terminated saturated or 
unsaturated fatty acid group of 2 to 3 carbon atoms, (b) the 
disulfide corresponding thereto represented by the formula 

Y- ( S0 2 ) -X-S-S-X- ( S0 2 ) -Y, 
or (c) a single unsubstituted benzene ring; and Y is -ONa, 
-OH, -NH 2 , or when X is a single unsubstituted benzene ring, 
-NH- directly linked to the ortho position of the benzene 
ring or -NH-CO- indirectly linked to the ortho position of 
the benzene ring) . 

Specific examples of class (II) compounds include: 

sodium allyl sulfonate 
CH 2 =CHCH 2 S0 3 Na 

sodium vinyl sulfonate 
CH 2 =CHS0 3 Na 

mercaptopropane sulfonic acid 
HS-CH 2 CH 2 CH 2 S0 3 H 
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bis -(sodium sulfopropyl) disulfide 

H0 3 S - CH 2 CH 2 CH 2 - S - S -CH 2 CH 2 CH- SO3H 

benzene sulfonamide 
C 6 H 5 S0 3 NH 2 

thiamazole 



All of the above compounds have a sulfonic or 
sulfonamide group attached to a short -chain mercapto- 
containing group or to a single unsubstituted benzene ring. 

In the present invention, electrodeposition is believed 
to be performed effectively because transient substances 
which affect the deposit are formed near the layer of 
deposit. The compounds out of the definition of class (II) 
compounds, e.g., compounds obtained by substitution of the 
benzene ring, are not effective. Consequently, certain 
naphthalene compounds ( 2 , 7 -naphthalene disulf onic acid , 
naphthalene trisulfonic acid, etc.) are not effective. 
Moreover, the alkyl-substituted toluene-4-sulf onamide or 




and saccharin 
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toluene- 4 -sulf onic acid is also not effective. The same 
applies to the bis-benzene sulf onamides or the benzene-m- 
disulf onic acids . The more complex cyclic compounds , such 
as 5 -sulf osalicylic acid, 3- (banzothiazolyl-2-mercapto) - 
propyl sulfonic acid, and 1- ( p- hydroxy ethyl) -2-imidazolidine 
thione, also do not give satisfactory results. Moreover, 
with respect to the alkyl compounds, the corresponding 
hydroxy- compound, i.e., isothionic acid, HO-CH 2 -CH 2 S0 3 -H, is 
not of primary interest. If decomposition products are 
formed in the process of the present invention, it may 
result from undesirable reactions at the deposition layer 
due to the complexity in the starting material. 

Preferred class (III) compounds are represented by the 
f ormula 

HOOC - ( CH 2 ) n - Sm - ( CH 2 ) n - COOH 

(wherein each of n and m is 1 or 2). Preferred 
examples are dithiodiglycollic acid and thiodiglycollic acid. 
Departure from this category of compound is undesirable. 
Among the compounds represented by the above formula, 
thiodipropionic acid of higher molecular weight represented 
by the formula 

HOOC - CH 2 CH 2 - S - CH 2 CH 2 COO 
is less effective than the compounds of lower molecular 
weight . 

Preferred class (IV) compounds are similar to class 
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(III), and consist of compounds represented by the formula 



(wherein Z is a water- solubility-imparting group, such 
as -COOH, -OH, or -S0 3 H) . 

For example, a compound with the aromatic ring linked 
by the COOH group and the SH group is effective. 

All of the organic compounds of classes (I) to (IV) are 
interrelated in that they have either one or more thiol 
groups, or groups electrochemically related thereto. 

The class (V) compounds are not organic but inorganic, 
and consists of the sodium salts of acids of sulfur, 
selenium, and tellurium. Examples include sodium salts of 
metabisulf ite , dithionite, thioether (sulphide), selenate, 
selenite, tellurate, and tellurite. 

In the present invention, a buffering agent may be 
incorporated, and boric acid or borates may be used. 
Alternatively, or in addition to the buffering agent, at 
least one of other buffering agents may be incorporated, for 
example, a carboxylic acid or a carboxylic acid salt, such 
as citrate, tartrate, malate, formate, or acetate. 

In order to increase the conductivity of the 
electrolyte solution and hence reduce the power consumption 
required for chromium electrodeposition , conductivity salts 
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may be added. The addition of the conductivity salts are 
desirable but not essential, and the concentration thereof 
may vary from zero to the saturated concentration of the 
salts used. 

Examples of conductivity salts include salts of alkali 
or alkaline earth metals with strong acids, such as chloride 
or sulfate of potassium or sodium* Ammonium ions are also 
be useful in increasing conductivity and also provide 
buffering action. 

It is preferable that the solution be acidic because at 
a pH greater than 4.5, chromium may be precipitated from the 
solution. At a pH below 1.5, loss in coverage may occur and 
the plating rate may decrease. The optimum pH is in the 
range of about 2.5 to 4.0. 

Wetting agents or surfactants are desirable, though not 
essential, because they may increase coverage and plating 
rates. In such a case, the concentration of the wetting 
agent or surfactant used is in the range of 0.1 to 10 g/1. 
Since the electrodepositing solution of the present 
invention is not highly oxidizing, the choice of wetting 
agent is not as critical as in hexavalent chromium baths. 
In practice, those wetting agents frequently employed in 
nickel electrodeposition baths may be used in the bath of 
the present invention. Examples thereof include 
sulf osuccinates , such as sodium dihexylsulf osuccinate , and 
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alcohol sulfates, such as sodium 2-ethylhexyl sulfate. 
Antif oaming agents may also be added. 

A particularly preferable solution of the present 
invention comprises trivalent chromium ions, the water- 
soluble organic compound described above, a borate and a 
buffering agent other than borate, a conductivity salt, and 
a wetting agent, and has a hydrogen concentration sufficient 
to achieve a pH of less than 4.5. 

The presence of incidental amounts of other organic or 
inorganic substances is acceptable unless they do not 
produce an undesirable effect. However, when a large amount 
of hexavalent chromium is present, it is necessary to add a 
suitable reducing agent, such as a bisulfite, formaldehyde, 
glyoxal, or especially a sulfite, e.g., sodium sulfite, to 
convert hexavalent chromium to trivalent chromium. The 
reduction treatment is required particularly when the 
electrolytic solution is used directly in contact with an 
inert anode because trivalent chromium is oxidized to form 
hexavalent chromium during electrolysis . 

The bath of the present invention may be easily 
prepared by dissolving water-soluble salts of the required 
inorganic substances and salts of organic substances or 
other suitable water-soluble substances in sufficient water 
to afford the desired concentration. 

The bath may be prepared at room temperature although 
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it is preferable to heat the solution to about 50° C to 
increase the rate of dissolution of the solid content. 

The present invention also provides an 
electrodeposition process in which a workpiece (preferably a 
metal workpiece) is immersed in the solution and passing 
electric current through the solution from an anode to the 
workpiece as a cathode to perform chromium electroplating. 
Use of this process can give light-colored electrodeposits 
or layers similar in appearance to those obtained from 
solutions containing hexavalent chromium. 

The operating temperature of the solution of the 
present invention is preferably in the range of 10° C to 90° C, 
e.g., 40° C to 60° C, and most preferably 50° C. The current 
density used is usually in the range of 1 to 100 A/0.1 m 2 
(decimeter 2 ), and most preferably 10 A/0.1 m 2 . If the pH of 
the solution varies outside the range described above during 
operation, control may be accomplished by addition of 
hydrochloric acid or sulfuric acid, or reversely by addition 
of sodium hydroxide, potassium hydroxide, or ammonium 
hydroxide . 

During operation of the process, it may be advantageous 
to separate the anode from the solution by a layer of inert 
material having a porous structure with low permeability to 
liquid and low resistance to electric current. 
Alternatively, an ion -selective membrane may be used. 
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However, the insulating effect should not be excessive. The 
separation is particularly preferably when chloride ions or 
other halide ions are present in the solution. 

Additionally, if the organic substance content is low 
in the solution, the efflux treatment after the plating 
process is simplified. 

Furthermore, the present invention provides an article 
having at least one surface on which a chromium 
electrodeposit is produced by the process described above. 

A dry mixture or concentrated solution of components 
suitable for dissolution in water is also in the scope of 
the present invention. The mixture or the concentrated 
solution is also suitable for dissolution in an 
electrodepositing bath to replenish desired components, thus 
preparing the electrodepositing solution as described above. 

The mixture or the concentrated solution, for example, 
contains a trivalent chromium salt, a conductivity salt, 
boric acid, and a water-soluble organic compound in the 
following proportions. That is, when the dry mixture is 
dissolved in water so that the trivalent chromium ion 
content is 0.01 to 1.0 M, the constituents are formulated so 
that the pH of the buffering agent is 1.5 to 4.5, and when 
the organic compound is dissolved in the bath, the ratio of 
chromium ion to organic substance is greater than 1:0.1. It 
is possible to prepare the initial bath by dissolving the 
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composition using a wetting agent. 

A replenishment additive preferably contains the 
chromium salt and the organic compound in higher proportions 
than those intended for bath operation to compensate for 
consumption or degradation in use. For example, an additive 
containing an organic compound and chromium ions in the 
weight ratio of 1:65 is useful for replenishment and about 
200 g/A-hr is utilized, preferably being prepared as a 
concentrated solution prior to addition. 

The present invention will be further described based 
on the following examples . 

(Example 1) 

The following components were dissolved in water and 
the resultant solution was diluted to 1 1 with water. 

Chrometan (containing 16.2% chromium): 10 g 

(Chrometan is the registered trade name for a 
commercially available product containing chromium sulfate 
and sodium sulfate.) 

Boric acid: 60 g 

Potassium sulfate: 100 g 

Sodium 2-ethylhexyl sulfate (40% solution): 1.0 ml 
The chromium content was therefore 1.62 g (32.2 
millimoles). The pH of the solution was adjusted to 3.2 and 
then the solution was heated to 50° C. A Hull cell test was 
carried out using a platinum-coated titanium anode and a 
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brass cathode and using the solution, for 3 minutes at a 
total current of 5 A. The resultant plating was very poor. 
That is, the brass plate was discolored and a metallic 
coating was not obtained. When 100 mg/1 (i.e., 1.32 mM) of 
thiourea (molecular weight 76) was added to the solution and 
the Hull cell test was carried out, a uniform chromium 
electrodeposit which was light -colored and glossy was 
obtained. The molar ratio of chromium to thiourea was 
1:0.0423. 

( Example 2 ) 

A solution was prepared as in Example 1 except that, 
instead of thiourea, 50 mg/1 (0.67 mM) of thioacetamide with 
a molecular weight of 75 was added. A Hull cell test was 
carried out, and a uniform chromium electrodeposit which was 
light-colored and glossy was obtained. The molar ratio of 
chromium to thioacetamide was 1:0.0214. 

( Example 3 ) 

A solution was prepared as in Example 1 except that, 
instead of thiourea, 50 mg/1 (0.625 mM) of sodium 
thiocyanate with a molecular weight of 80 was added. A Hull 
cell test was carried out, and a uniform chromium 
electrodeposit which was light-colored and glossy was 
obtained. The molar ratio of chromium to sodium thiocyanate 
was 1:0.02. 

( Example 4 ) 
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The following components were dissolved in water and 
the resultant solution was diluted to 1 1 with water. 
Chrome t an : 100 g 
Boric acid: 60 g 
Malic acid: 10 g 
Potassium sulfate: 100 g 
Potassium chloride: 50 g 

Sodium 2-ethylhexyl sulfate (40% solution): 0.5 ml 

The chromium content was 16.2 g (312 mM) . 

The pH of the solution was adjusted to 3.5 and then the 
solution was heated to 50° C. A Hull cell test was carried 
out. The resultant plating was very poor. That is, 
although metallic coating was formed at high current 
densities, green and black streaking occurred at low current 
densities. When 20 mg/1 of mono-N-p- tolyl thiourea with a 
molecular weight of 166 was added to the solution and the 
Hull cell test was carried out, a uniform chromium 
electrodeposit which was light-colored and glossy was 
obtained. The molar ratio of chromium to p- tolyl -thiourea 
was 1:0.00038. 

(Example 5) 

A test was carried out as in Example 4 except that, 
instead of a tolyl derivative, 20 mg (molecular weight 116, 
hence 0.172 mM) of mono-N-allyl thiourea was used, and 
similar results were obtained. The molar ratio of chromium 
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to allyl thiourea was 1:0.00055. 
( Example 6 ) 

A solution was prepared as in Example 4 except that, 
instead of tolyl thiourea, 50 mg/1 (0.294 mM) of sodium 
diethyldithiocarbamate with a molecular weight of 170 was 
added. A Hull cell test was carried out, and a uniform 
chromium electrodeposit which was light -colored and glossy 
was obtained. The molar ratio of chromium to the 
dithiocarbamate was 1:0.00094. 

(Example 7) 

The following components were dissolved in water and 
the resultant solution was diluted to 1 1 with water. 

Chromic chloride: 5 g (Cr content: 1.64 g, i.e., 31.5 

mM) 

Boric acid: 60 g 
Potassium chloride: 100 g 
Sodium sulfate: 150 g 

Sodium dihexylsulf osuccinate (60% solution): 0.5 ml 
The pH of the solution was adjusted to 2.5 and the 
solution was heated to 50° C. A Hull cell test was carried 
out. The resultant plating was very poor. That is f the 
brass plate was discolored and a metallic coating was not 
obtained. When 10 mg/1 (0.035 mM) of tetraethyl thiuram 
disulfide with a molecular weight of 286 was added to the 
solution and the Hull cell test was carried out, a uniform 
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chromium electrodeposit which had satisfactory tone and 
which was glossy was obtained. The molar ratio of chromium 
to the thiuram disulfide was 1:0.00111. 
( Example 8 ) 

A solution was prepared as in Example 6 except that, 
instead of thiuram disulfide, 10 mg/1 (0.048 mM) of 
tetramethylthiuram monosulfide with a molecular weight of 
208 was used. A Hull cell test was carried out, and a 
uniform electrodeposit which was light -colored and glossy 
was obtained. The molar ratio of chromium to the thiuram 
sulfide was 1:0.00152. 

(Example 9) 

The same process as that in Example 1 was carried out 
except that, instead of thiourea, each of the following 
seven compounds was used. 

(a) 2 g/1 (13.9 mM) of sodium allyl sulfonate 

The molar ratio of chromium to saccharin was 1:0.432. 

(b) 5 g/1 (24.4 mM) of sodium saccharin 

The molar ratio of chromium to sodium saccharin was 
1:0.758. 

(c) 10 mg/1 (0.0549 mM) of dithiodiglycollic acid 
(Molar ratio 1:0.0017) 

(d) 50 mg/1 (0.325 ml) of o-mercapto benzoic acid 
(Molar ratio 1:0.0101) 

(e) 200 mg/1 (1.149 mM) of sodium dithionite 
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(Molar ratio 1:0.0357) 

(f) 500 mg/1 (2.646 mM) of sodium selenate 
(Molar ratio 1:0.0822) 

(g) A mixture of 30 mg/1 (0.395 mM) of thiourea (molar 
ratio of chromium to thiourea 1:0.0123) and 3 g/1 (14.6 mM) 
of sodium saccharin (molar ratio of chromium to sodium 
saccharin 1:0.453) 

In each composition, a significant improvement in plating 
was achieved, and a uniform chromium electrodeposit which 
was light -colored and glossy was obtained. 

As described above, the present invention provides an 
aqueous electrodepositing bath containing trivalent chromium 
together with a component selected from the classes (I) to 
(V) described below, which is effective in electrodepositing 
trivalent chromium . 

( I ) Compounds having an 

-N-C- 
II 

group, preferably either a thiocyanate or a 
compound represented by the formula X-CSNR 2 (wherein X is -R, 

-S, or -NR 2 or -CSNR 2 linked by -S- or -S-S-; and R is H, an 

alkyl group, an alkenyl group, an alkynyl group, or an 

aromatic group) . 

(II) Compounds represented by the formula (X)-S0 2 -(Y) 
(wherein X is (a) a mercapto group-containing saturated or 
unsaturated fatty acid group of 2 to 3 carbon atoms, (b) the 
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NH 2- or when X is a 

single unsubstitui-^/i 

oi-Atutea benzene rino -i\m ^ ■ 
the orthn • Erectly i inked to 

the ortho position of the benzene ri™ 

linked to the orth " ' NH ' C °' indi ^ *l y 

the ortho position of the benzene ring) 

(HI) Compounds represented by the f OImula 

H00C- (C H 2) n-s m - ( CH 2) n-C00H herein 

soj^ °" merCaPt ° benZ ° iC 3013 ^ M — S -ter- 
soluble o-substituted aromatic mercaoto n 

"lercapto compound. 
(V) Sodium salts of B nif»t- 

of sulfate, selenate, and tellurate 
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